the electron dynamics is controlled by the interplay of the core and halo populations.
The solar wind electrons exhibit a temperature anisotropy with respect to the (local) magnetic field direction, but the anisotropy does not increase indefinitely as would result from different concurrent processes, such as the fluid-like expansion, magnetic compression, or dissipation (at lower scales) via wave-particle resonances. At large radial distances particle-particle collisions are not efficient and the selfgenerated instabilities may act constraining large deviations from isotropy. The observations have already confirmed this scenario but only for the core components of the solar wind electrons (Stverak et al. 2008) and protons (Hellinger et al. 2006) . To be precise, the instability thresholds predicted by the linear theory for these bi-Maxwellian populations have been found to approach well enough the limits of temperature anisotropy observed in the solar wind.
Here we analyze the implications of the suprathermal electrons which are ubiquitous in the solar wind. Being more tenuous and hotter than the core, suprathermal populations may be sources of free energy for the selfgenerated instabilities (Viñas et al. 2010; Wilson III et al. 2013) , which are expected to grow faster and exhibit lower threshold conditions in the presence of suprathermals (Shaaban et al. 2016; Lazar et al. 2017 ). If we refer to the solar wind electrons, the core and halo components cannot exist independently, and their interplay can be inferred from the correlations of different quantities, e.g., temperature anisotropy and (parallel) plasma beta, which are the principal parameters conditioning the instability thresholds. Distinctive descriptions revealing correlations of these two populations are not abundant in the literature. Early studies were limited in characterizing the halo as a remainder after measuring the core (bi-Maxwellian fitting or numerical integration) and extracting from the total distribution (McComas et al. 1992; Phillips et al. 1995) , or by fitting both components with standard bi-Maxwellians (Pilipp et al. 1987; Maksimovic et al. , 2000 . A more accurate description has been provided later with a dual fitting model combining a bi-Maxwellian core and a bi-Kappa halo (Maksimovic et al. 2005; Stverak et al. 2008; Pierrard et al. 2016) . Emphasis has been given to the evolution of these two electron components as a function of heliocentric distance and latitude, mainly from an attempt to understand the origin of suprathermal electrons as well as their implication in the regulation of the energy budget and key processes (like plasma heating and particle acceleration) in the solar wind. The relative halo to core density is roughly constant over heliocentric distance with the halo representing 4 % of the total electron density (McComas et al. 1992) , but out of the ecliptic it shows an increasing tendency to reach values of 10 to 30 % of the total density (Maksimovic et al. 2005 ) and a steep radial gradient (Maksimovic et al. 2000) . For the halo (subscript h) to core (subscript c) temperature contrast Maksimovic et al. (2000) have found a modest variation with the solar wind bulk speed, i.e., mean values T h /T c 13.57 in the slow wind (V SW < 600 km/s), and T h /T c 23.38 in the fast wind (V SW > 600 km/s), although their bi-Maxwellian representation for the halo component cannot reproduce details of the distribution which may be important in the analysis of the temperature anisotropy instabilities. These authors have also studied the so-called suprathermal strength S ≡ n h T h /n c T c (the ratio of the halo to core kinetic pressures), which is actually giving the correlation of the halo and core plasma beta parameters, i.e., S = β h /β c (where β = 8πnk B T /B 2 0 is the ratio of the kinetic and magnetic field pressures), and found average values higher in the fast (S 0.79) than the slow (S 0.39) wind.
The temperature anisotropies of the electron core and halo populations have been measured by Stverak et al. (2008) for more than 120.000 events detected in the ecliptic by three spacecraft (Helios, Cluster and Ulysses) and covering the radial distances from the Sun from 0.3 up to 4 AU. Parallel and perpendicular temperatures (T ,⊥ , with respect to the local magnetic field) are determined from fitting the observed velocity distribution (after instrumental corrections) with a gyrotropic dual model that combines a bi-Maxwellian core with a bi-Kappa halo. Limits of the temperature anisotropy (A = T ⊥ /T ) observed in the solar wind have been compared with the instability thresholds predicted by the linear kinetic theory for a bi-Maxwellian distributed plasma, i.e., the whistler instability driven by an excess of perpendicular temperature T ⊥ > T , and the firehose instability driven by T > T ⊥ . Good agreements between these instability thresholds and the limits of the temperature anisotropy are found only for the electron core population in the slow winds (i.e., with a bulk speed V < 500 km/s. The halo component shows significant departures from the anisotropy thresholds especially for the firehose instability. Even stronger differences are obtained for both the core and halo populations in the fast wind (V > 600 km/s), but our analysis in the present paper focuses on the slow wind conditions.
The disagreement obtained for the halo component must have an immediate explanation (also suggested by the authors) in the facts that (i ) the theoretical model used in the linear prediction of the instabilities (bi-Maxwellian) is different than that used to reproduce the observed halo data (bi-Kappa), and (ii ) theoretical predictions for the halo component neglect completely the possible effect of the core. In this letter we present the results of an advanced stability analysis, intended to decode the interplay of the electron core and halo populations from a realistic parametrization in accord with the fitting model. The core-halo correlations between physical quantities, e.g., relative densities, anisotropies and (parallel) plasma betas are identified from the observations in section 2. We then derive the instability thresholds for the whistler and firehose instabilities and compare with the limits of temperature anisotropy observed in the solar wind (section 3). The results are discussed in section 4. 
Core-halo correlations
where T M is a (Maxwellian) limit value. This law is in perfect agreement with the radial evolution of the halo temperature that increases while the power-index κ increases.
Plots correlating the temperature anisotropies of the core and halo components are provided in Fig. 5 from Pierrard et al. (2016) , where the data points show a prevailing Linear regression A h = A c is shown with a solid line, and the isotropic conditions A h = 1 or A c = 1 are drawn with dashed lines. Dominant appear to be the states with A c < 1, and among these most abundant are the symmetric states with both A h < 1 and A c < 1, which are the most unstable against the excitation of the firehose instability (FHI). The opposite quadrant contains states with both A h > 1 and A c > 1, which are the most unstable to the excitation of the electromagnetic electron cyclotron (EMEC) instability also known as the whistler instability (WI). In the other two quadrants, the core and halo exhibit opposite (or anticorrelated) anisotropies, i.e., A h > 1 and A c < 1 (top), or A h < 1 and A c > 1 (bottom).
These plasma states are less unstable (a detailed study of the interplay of the core and halo instabilities will be presented elsewhere), and the resulting instabilities will not evolve fast enough to be efficient in constraining the temperature anisotropy of the solar wind electrons. Instead, the WI is highly stimulated when both A c,h > 1, and the FHI when both A c,h < 1.
In Figure 2 we display β h, vs. β c, for each of these two cases of interest here, and the best linear fitting (log-log scales) plotted over with solid lines provides β h, = 0.24β c, for A c,h < 1 (bottom panel). Other key parameters in the dispersion/stability analysis are the relative density numbers of electrons in the core η c = n c /n 0 and halo η h = n h /n 0 components (n 0 = n total is the total density number), which are evaluated using the observational data in Table 1 from Pierrard et al. (2016) . We find the following mean values η c = 0.966 for the core, and η h = 0.034 for the halo, implying for the halo-core number density contrast η = n h /n c = 0.035, almost the same with that obtained by McComas et al. (1992) in similar conditions in the ecliptic.
Instability thresholds vs. observations
The stability analysis may invoke the electromagnetic cyclotron modes, which are particularly important in establishing resonant interactions with magnetized plasma particles, and constraining their temperature anisotropy. The fastest growing mode driven by the electrons with A > 1 is the parallel whistler instability (also known as the electromagnetic electron cyclotron mode) with growth rates higher than the other oblique modes including the propagating whistlers (Kennel and Petschek 1966) and the non-propagating mirror instability (Gary and Karimabadi 2006) which can be ignored (Stverak et al. 2008) . High-frequency whistlers are right-handed polarized modes which do not interact with protons and are described by the dispersion relatioñ
whereω = ω/Ω =ω r + iγ (including the wave-frequencyω r and the growth-rateγ) and wave-numberk = kc/ω e,h are normalized by, respectively, the electron gyro-frequency Ω = |Ω e | and the halo plasma frequency ω e,h , and Z M and Z κ are the plasma dispersion functions for the Maxwellian and Kappa distributed plasmas (see for instance the definitions in Shaaban et al. (2016) ). β M h, corresponds to the Maxwellian (limit) temperature in Eq. 1, β h, = β M h, κ/(κ − 1.5). In parallel direction the low-frequency electron FHI is a left-handed polarized mode described bỹ
where the frequencyω = ω/Ω p =ω r + iγ and wave-numberk = kc/ω p are normalized by, respectively, the proton gyro-frequency Ω p and proton plasma frequency ω p . The influence of protons (µ = m p /m e = 1836) is minimized assuming isotropic and of finite temperature,
We use these dispersion relations and the parametrization established in previous section to derive the temperature anisotropy thresholds as curves of constant (maximum) growth ratesγ m = 10 −3 , 10 −2 . The anisotropy curves are described as inverse correlation laws of the parallel plasma beta, i.e., A = 1 + a/β b , and values obtained for the fitting parameters a and b are tabulated in Tables 1 and 2 . The instability conditions are determined for two values of the power-index κ = 3 and 8, representative for sufficiently many events with, respectively, the lowest and highest κ−values from our data set. In with the core temperature anisotropy displayed using a histogram data (counts in color bar). with the halo temperature anisotropy displayed using a histogram data (counts in color bar).
